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U aevice f^r :ietecr:ir:g the shace or" cii stance' in p a r t :. cu 1 a r ^ o f 



r:)u::|h surfaces^ - ho v r f>r^ at least jne spatially coherent bea::t 
gun unct, wnose beam in a measuring rort^be is divided into a 
t 1 e f Or r e n c m.e a s _* r i n beam: ^ i^i i "i --^ d t h. r o u ^ a *'! d r ^-^ f 1 e c t e d i n a 

measuron;j reference arm arid a measurin:^ r^eam guided througn a 
m.easurcnj arm. =ind reflected 'jn cne lou-jh s urf ace .eHrSTrHr^TTi-rrT" 
a ievi'-P' for mtiuiating the liqnt pnaso- ox: for shifting the 
h 1 i gnt frequency ( h r o iyr.e freguenty) tf a first piartial h^ear 

10 WLtn resrecc t cne iij:iL phase :-r the 1 i ^nt frequency of ^ 

: ses:>n:i partial beam using a s upe rp ts i t i sn unit fc»r 

R : p r i mr> c 1 o j r ^"i e r e f 1 e 1 1 £: d m t a c u r i n g C' e a m on the r f 1 e c t e a 
measuring reference t^eam^'^ — Ftr^-v^rn^ a h>eam splitting unit 
anii recO'iving unit ior splitting one s u ::-e r imp-c s ed beam intt at 
1 ^ 1 a s. t t w C' beams n a v i n a d 1 1 f e r o- n t w a v e 1 e n n .s a n d c O' n ve r t i 



1 1 ^ 



^ the hw^^.^^^mc- intoj electrical s iatia 1 s^t '^i^d -^i-4re^s> — h-av-i-ft^j an 

; analyzer^ in which the shape 'tr -iistanse o- f the rough surface 

can hie determined c-n the rasic of a phase difference of the 
electrical signals. 

Sucn an inter f^romet r ic measur ing device is-^mtrwrr — f i nur 



rrcC'Can Patent 126 4^5 'B^- Tn tnis kr^o w' n measurinq device, 
vigh surfaces of a m.easureci C'biect are m.easured 



m. e a s u r e d C' b "i e c t a, r e m. e c 
i>' mt erf e rc'miet r i ca 1 1 y^ -r* be ami gun unit ^ a v _i r rr^ laser ^ight 

/- ~> s o u r c e s^ w h i c h em. i t 1 i g h c; f d i. f f e r e n t w a e 1 e n q t h s -- fe>e \r\<^ use a . 

T e laser ^ i g h is d i v i d e d i n t -a reference beam o f a 
reference beam parh and a me<::isurina beam of a itec; .t^.j r i ng beam 
path using a beami splitter. The m.easuring beam path im^pinges 
r: t h (-^ s u r f cj c o be measured, v; h i 1 e h ^ r e t e r e n f-^ b e a m p a t h 

o: a mirror. Thv:^ ^ignt reflected from he surface and the 
ref-r-n:-^o ourfa-^o is -ombrnec i "-h^ :-^am splitter ana 
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2 0 



a nei 



. a. 1 1 e a w 1 1 n res pec 



r e q u e 



bea- 



e^ercxdyr.e frequency using a fre^u^eney shirrer ir 



t'e am 



W 1 1 n t ni : 



" r.e r.easu ring 
i zne 

meas~_, ring device, a fine 
s r :i r. be b ^ a i n e d . The laser 



esc-iutic-n ot tne surface :=.::apes r: 
iqnt -ish^i-rrr^ different (discrete wav-^lengtns ::an t^e gen-^rate'd 



1 s m g 1 n a 1 V 1 a u a 1 la s e r 



^em 1 C'jnciuct L ^.z^^.ers vi' 
;ave Len ns (niode-), on 



5u::n as ari argc-n la sere 
a n i \' e 1 y e x tensive. 

f different discrete 



C'tner .n.^nu, ars 



- u c n i n r e r f e r c-me trie rr.e a s u r eme n t s d u - 
rtac'ii-Lt^" cind tn3 resui-i'^g •AHV-denc: 
ilternative, a r:>lurality e f laser 1 i^: 
iioce? -^^n ce used in order to ii^ene*:".: 
It IS t e rnn i :'a 1 1 V' 



t. heir i ri s u f r i s' i e n t 

nr S'jurces such as lasei 
the different cis::.rei 
t :■ ger.e r ^ t e tne 



^ a L i a 1 : I e r e n c :■ f t n e r- e ? " ')mp :> s e d f t h e a 1 1 f e r" e n 

/ave lengths. In aduitic^n, in s.^ch laser diides the instability 

'f ::he individual aiscrete wavelengths is jc^a r t i cu la r ly 

:nf a V'orab le . rrc'viding a i:'lurality of different discrete 

/avelengths is theref^jre alsC' rC'Stly. 



In using laser ligrit f c- r generating the discrete wavelengths 
It IS als:) ditficalr tc a^^curately set the desiroa distance 
Ir - e t v; e e n t n e m o a s u r i n a pr o o 
funstion) . The design usinc 

a n 1 1 w h i c n ^ a ii b e s c a , for 



n(a the surface (aut-i'focus 
ne laser light st-urre alsc maK.es 
■^"^■irirrz part an eas y- 1<: -h and 1 e 



or a measur-inq r^acn 



■e , 



..■h oc't i ca 1 
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7\ ^ ^' 



a 3 e m t. r : 



1^ r?, e t r i c me a s an n g d e v ice ^e^- - l:tT^ ■ typ^^ 



•*♦$"frt^5:r>rY^-^■' -i'f=^' t-h^- - t>r - eomo -^ wit h w n i r r. v e r y a r c u r t -z- 

measu rement 3 ef s.^r^ace 3hai:»e3 and 3;^rfa3e di5tarL3es are 



i:-:'3 s i I e under mauatr: 



a i f f iea 1 t-t'j-a 3cess s'^rfaces^ sucn as srv.a 



wnich is ea3>' 



CC' nan':ile and has a SLmple design. 



cnie ^'^^ji '. 



'am em 1 1 1 e :i i:^ 



:ne csediu 



■ad-oand -.ni has a shert eeheren::': 



. im.e . 



r. 



JO 



a rpr i s i nq ly , 'rt — !Tas" 

"J h e r e nee t "i m ^ e nm g a n 
C'arisl -e^e nee than 



^ -1 ■ 



[ILL. 



t - F» rrtr the br'jad-x:> and, shert 

-C^ne ^«^4?>^ r i-m^^ a higher 
Dur-^:-'s ji a heterc:dyne 

a r in c :> n i u n e 1 1 o n 



n t er t e r I'me t r le lu-dS r mg an:, t, 
ith the measu rem.ent 3 of reu^gh surfaces, are ncit eniy well 
uitee, iC'Ut alS'O -sffer considerable advancaaes cc-mpared to 
aser liaht saurces. The sp>atial C'jherense of: the C'eam 

:;'U r 



I nst at'i 1 1 1 ies of the 



arurally results frc'm the light 
c-ectral beam di str il:>uti<jn of the 1 i^aht sc-urce have virtually 

e f f e c: t :> n t n e me a s u r emie n ~, , si n e n o t Ci n 1 y are individual 
ixed wavelenaths always selected usi.na the beam a-in unit 
-.a. aratina) and t^-^ie assianed beami receivir.g unit from the 

m in a stable manner, but, in particular, 

, r- ^ t ;~ a c ^ * r a t ^-^ and 
us evaluat i^jn, is t-rcscrved m a 'Stable manner. 

intensity o l the w a \^ e 1. e n g t h s in the case of 

f) 1 n f: • h t: 1 r o -ii y no t. c c n n -a 1 C' g y , 



1 r. a C' us SI 



1 ^ 1 e I e : ; ; 



p f f *-M::t. 



a- 
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s::urdy, and easy- 1 c-nana: e vneas'srir^a parz aesiqnea as a 
measuring c-rc^te, separated sc>atially therefrC'm by c-p^ica^ 
-T ^ ^{ ^ ^^riy^Ts^ "for ^^xainple^ Ariv^^nT^rT^Mj^-^^^p^Ht^^ 



u-^z- in manuf actur inq . In tne Ma ch- Z ehnde r ^-ete^-rrrr, rhe 



o 



25 



ai ler eii-^rr; of" anau.lar disp'OrsiC'^ ^s minimized due r.o one two 
aoc^us t i o a 1 -C'pt L oal moduiatc-rs aridiig^d in tho z\: z- rvartial h^arr 
oa t ns . 



If the beam gun unit has a sho^rt coherent, b r<o ad -t^and 
^ aoditionai light 3our-::o, v/nicn can oe o>r'erared f^r iignt 



c-ai. be enhan::^d by usi'-ij ^n"^h light s^ources. As an 
alternative, tne additional light so.. roe can t>e used as a 
barkup light source in -ase ot failure cf the other light 
sC'Ur ce . 

The m.easures jf an additic-nal device f"c>r frequency shifting is 
arran'jed in the t^eami patn of *:~:^ie serond partial r^eam for 
fr-equency shifting the first partial r^eam with r-'Sr^est to tne 
s-jZ'^vA. o a r t i a 1 b e^ a m. , a n i t n e d v ice a ri d tne a iC d i i i o* n a 1 ci e v ice 
f:ir freuuency sh: ft ;ng are acous 1 1 c ^ 1 - .)C't i ca 1 moilulators are 
s i i a 1 e for a c h i. e i n a a 1 - w a a u 1 a r d i s r> e s i o n . i" ri e 

m' a s u -^"^ n t r r ■ r s due to- e m: o e r a t u r e d i f t s a n d t h e r e 1 a t. e d 
o [ . a n a e : n * e r ^- ^ ! r a " i v i n ■ i >: ^ a a c o u s t i c a i - '""^ ^ -i i 
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10 



Design ar.d evaluatiCT: are farther facilitated b\/ zr.^-- facr tha: 
the measarir-g r-rcbe, mcladir.q the measurin^g arm, the 
rr.easurina reference arm, and a beam spditter c-f the measuring 
cr-i'h-e, is aesicn-a as a i ■-.:he 1 s s^n z-r Mirac l n t e r f e r'tme^_ e r and 
that an cc'ti.cal r^ath ditterence prjd-^'_:ed in tne m.cascrina arm. 
ano in the measuring referen::e arm ■-^■r^mr'ensates fc-r the s.ptica! 



1- 1 m- celav elem^^ 



15 



An additi'"'nal r^eam oatn is ts^rmed sl^lii:.j frc^m the scci.nd 
h-^am SDlitter, leading t'C a reference z^rooe h ^^ ^ vip h? a reterence 
^■L'jC'e ref-irc-nze arm. c.: 



a r m. a. 



iri'videi i: 



'•3: V J. (31 



additional ioeani splitting and receivina unit is 
tn- unit, and : ne jnit is c::ut'Ied tc :te reference c)i 
an aiditi:^nal '?pti::al fih--r a t r ange-ien t , sj tnat an e t r ■. ^ r s. f 
tn-' 1-jL.ating tabl^ used f?r nn,-,^H -^g the measuring 'jt'ject naviny 
the surface structure to h^e measureu can h>e C'jmpensa t ed . 
B'u rt nermc> re tne referense pr^zt-e can h^e used fc>r C'l-mpensa t ing a 
drift of the m-i'dulat ion interferometer provided in the unit, 
caused, f'Cr examr^le, by temperature. 

'TTTe'^TTreseht Inverrtun is" elucT^ate'^ r^^lry^^' WiT^':' Te:r-Sr^ rDC-im- 
emoodimen: illustrated in tne draw i no. The -Xi-^tr^e 
c rhem.a " i c a 1 1 y sh^;>^^ an arrangement ot the essential csmp'jnents 
C'f^.^m^ intC'r f eri'met ric m.easuring unit for cietesiting the shap-e 



inter fer-om.et r ic m.easuring arrangement is diviaed intj twa 
tions, r,rv' of wnich is <iesiun^ii'.i ^s unit 2 in the t^jrm of a 



miea sun n 



o r CO' 



]ec: 4^s^ 



lased on a 
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:Gn, as v;e^. 



y] o 3 s :i r 1 ;j c r i 

IS corrected tc; 

s ^ r: a : f i p e r 
V- 2 T' t ri T or' T; 



10 



15 



ar.d has a li::jht sZ'urze 8 -errr^ an a dai t :i.':'n a 1 1 i ::?r. n sc'jrs^^ B', 
a s S'us t i s al-'jCit i s a 1 mjdulat-:»rs 9 and 9' arran?e:i in the t-eam 
o a t h s o f 



r-asptect Ively, 



first ^^artIal t^eam 1^ and a secand C'artial i:)eam 17, 
w^4-i~- Lwa pn-_'t-a:ieta;:t ar r::a t r i - , vnich are 



part of a beam splitting and res.eivi.ng unit 13 and an 
additi'anal oeam st-littina and raseivina unit 1 ' as a stive 
, o r c _ A (^i ^ i , J n as 



^^^^rfTTC'^-^'^H^'t^ . Me a u i a ^ 1 ji'x 



M i s h e 1 s S' n i r ^ r f e r C'me t e r is a 1 s :> 
terfzrsmeter 2 i ^. biuilt int:- an air- 



e -and It i s-ned , v i b rat i'Sn- i ns a 1 a tea h :>us ir.q , i'-j i arciz 



1 



L 1. ant 



■! M -i Tip' 1 e 



sucer lumines sent ois>des, are shs-rt time eaherent, t' rs>aa-h' and 
ligr^t s a a r ^--s ^^Mv-^f^ n S'antinuS'US spectral iis^rioutijn ot a 
r'iurall:y of different wa ve i en 7 ^o.s . The li^ht at light S'._jurce 
5 ana t ne liahL f light ssurse S ' "d. 1 ima t ed and split 

Int'j first p-artial beam It and second partial beam 17 oy a 
first h'eam splitter 13, with liqht S'Surce d and additls-nal 
light ss'uroe 8' c>eing l-acated on different sides of t-eam 
sp'litter 18. Additic>nal light so'urce 8' can be usea as a p-re- 
adjusteo backup s-aurce c-r fc^r amp-lifying the overall light 
intensity. Bath partial L'eaiiis 16, 17 are frequency shifted 
wit h r s t ■ C' c t t : n e a n o *: h e r b y t he t w C' <a c - :> u s t i c a 1. - p t i c a 1 

The frequency aifference is a few^ kHz, 
a r m f u. o d u 1 a t i C' n i n t e r f e r c-mtc t e^ r 2 
e h n car i r' t e r f e r C'^i a t r r :~ r a M i c ''^ e 1 s < n 
inter tera^meter, a time delay clement IC is used, rar examp'le, 
in tne f-arm of a p'lane parallel glass plate, in tne ream, path 
::ownstrcam t rem ac - u s ^ : ^-a 1 - c p t 1 ca 1 mcjualatc-r 9' and a 

e c p; t 1 c a 1 p a t n 1 e n j t h of t : 



rT'-du lat : rs 9 an i ^ 
30 fC'r exarT;ple. In an 

c^s 1 anea as a i-'nin 



twc partial beams 16, 17 
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zr.e ar- -c^au 1 a t i ^r: i n t e r r e ^ rrri^- 1 e r 2 ^^im^-±Pt^ first r'srrtial 

::>;■:■ partial z^e-ar?.s 16 r 5 ac -e- r i r.^: : s e i m sei^o'^a i^aa- 

sc'l itaa- E:ra i r. :earata irr:^ cr-r c-r : j ::;tac":o:ie ;ji:a. ital 

fiber a r rar.q^-men t. ( s ) . Z^ue tC' the D^^tiaal path differ-enae 
c-rt'daced by tir^.e aelay elerr.art I"', t.ae tw-t partial t)aams 16, 
17 da nc't iaterf'era witn -tna anr-raer. Tne light is Raided via 
10 cc'tical tiriar arrar.gemant 6 to maasuria'g f-raoe 1 arid via 

aaaitic'nal -tr-tical fiber a r r angemeat 7 a :■ reference p'ri'Oe r 
aaa is elected there. Measarina r-ror-e 3 aad referen::e r^roiae S 

. • - .It . 

n oesi::iaea ^ t! \' r t l ** >-^:^-- ^ -!i^:.L-^aia :r Miraa 



i ate r f e r iimet e r , f-or exaaicde, sa thai 



O L. X ^. li . 



.15 a i f f e r^^- ':'=^ ot the a ^t'-e r iair- ad t-eaais a^ f a measurma .5: rni 3.1 

and referenae a rrr^. 3.2 ot measariaa C'riiDe 3 , r ^n - d — ^ a reference 
t'rijbe reference arm :■ . i zind lefeier.'^a prire maisar'''^.g arin t./ 
ci-r resDa'nd^ ^ tne critical c^ath aifferenae :'f the twt r-artial 
r^-.aius IG, 17 i.f in Ida lat i on i ^ e r- f e r c-me t e i 2. Tne figure sn:'WS 

20 'n^-^ c ,j r i ^ ririr^e and re f-^ r-=^^,ae prc^i:! 3 as a MiaaeLs.»n 

inter fer-jmeter , 

Tne measuring h^eam traveling through measuring arm 3.1 is 
fc:cusea by an c^p^tical arrangement C'nt'O the surface c-f 

2 5 measuring object 4 to- t^e measured. The light reflected from. 

the surface is sur-e r i m.p-O'sed c^n the reference k^eam returning in 
reference arm. 3.2 tc> a reflecting element and injected into- an 
O'pcical fit-er leading toi t^eam sp-litting anoi receiving unit 12. 
cue to; tne r^ath >i;ff-'rence oo mcen - a ^ i o-n , rhe liaht t^eam^s may 
30 interfere v/ith o-ne anotiier. Accordingly, the light of 

af referenco- prO'be reference arm 5.2 and sent to secand beam 

arli^^inj and receivina unit 13' via seco-nd O'ptitoal fiber 
o r r-a n o*^ment ^ throaoq: 

3 5 (O r' t 1 c a 1 t 1 1 • l d i i ci n j ^ 



[ a. e 
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• 



V- - ^ r- - -4 . 



.A 



measuring p'roi:)^' 3 and reference prc^be 5 into modulation 
inter fer-Dmetei- 2 is ejected fr'jm opjtizal fiber <arran^emen' 
and -aiiitii'nal I'ptioai fiber arrangement 7, decc^mip* osea int 



re ^ r a i I 



1 1 r ■ 



d C'r s , 



e . , w a i e ri q t n s wit r. 



:>f 



ma 

St 



' am 

, i : n a 1. b e a m. ? t' fitting 
: f : e t' n ? t o t e c t o r 
. c r t r i i: a I s i -"^ r-i q 1 



ectral element (f:;r examiple, grating 3 
fitting and re o e i \' l n g unit 1 3 a n d a dd i 
a L-oei.ving unit i:' -^^"d L'_)>_.. sed into 
trix. rLain p'bi'tcjdet e itC'r deiiv^Lc an e 

t-^i-^" aiffereniiaL frequency 
tioaf mLO'Oula t 1 r s :S * and phase iir , whicu"! with the surface 
ructure ana ai3tar::-e l :> : ne meiouring otjO'^t is it-^ated to 
e m.e a s j. r i (gu a n t i ^ y A L (shape d e v i a t i i n ^ r c> u g h n e s s ) and t h e 
spe:;tive wavelength A acc:ording to the: equation 



25 



Evaiuatii'H is performed o^n the basis of f:>rming the difference 
t>etween the p'hases i- f the signais coming from the different 
P'hot onie t ect or s . 



By measuring the phase differences 
pduialify' '-'^ p hi- 1 ode toc^ r s ■m.ijl^iw 
1 n t e r t e r i me t r y ^ see the a b c t^ e - mie n 1 1 
i n f rma 1 1 on } ^. ne measureu quantity 
than individual i i g n t w a \' e i n q t h s , 
n e t e- r- m i n e d in an a n a 1 >• z e r , : : i e >: a m 
r-'^mouter 1 4 . 



J f t h e s i g n a 1 s f r ■ ::'m. a 
aveienqth heterC'd-^'ne^ 
med diicum.ent fc'r m^ore 
■A L , which m a V' b' e o r e a t ^ r 
tan be unanir:o guc^us i 
o i e in the form, c: f a 



I- 



■ n^'- ■<H»>-:^' e. -. ^le s ex .i, L e ^ a -, o^,&^u4^ --ef* i n 

? i. , a o 1' a n t a g e m s s e c a r a t 1 1 n ^ n t 



^ t 1 c me a u r 1 n a 
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high as a multiple or the wavelength zo be unambiguously 
evaluated in an im:proved manner. 
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